
Accepted Manuscript

The effects of the dietary supplementation of Echinacea purpurea extract and/or
vitamin C on the intestinal histomorphology, phagocytic activity, and gene expression
of the Nile tilapia

Afaf N. Abdel Rahman, Alshimaa A. Khalil, H.M. Abdallah, Mohamed ElHady

PII: S1050-4648(18)30497-2

DOI: 10.1016/j.fsi.2018.08.024

Reference: YFSIM 5482

To appear in: Fish and Shellfish Immunology

Received Date: 7 May 2018

Revised Date: 10 July 2018

Accepted Date: 11 August 2018

Please cite this article as: Abdel Rahman AN, Khalil AA, Abdallah HM, ElHady M, The effects
of the dietary supplementation of Echinacea purpurea extract and/or vitamin C on the intestinal
histomorphology, phagocytic activity, and gene expression of the Nile tilapia, Fish and Shellfish
Immunology (2018), doi: 10.1016/j.fsi.2018.08.024.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.fsi.2018.08.024


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 

 

1 
 

 

The effects of the dietary supplementation of Echinacea purpurea extract and/or 

vitamin C on the intestinal histomorphology, phagocytic activity, and gene 

expression of the Nile tilapia 

 

Afaf N. Abdel Rahman a, *, Alshimaa A. Khalil a, H. M. Abdallah b, Mohamed 

ElHady a 

a Department of Fish Diseases and Management, Faculty of Veterinary Medicine, 
Zagazig University, Egypt 

b Department of Microbiology, Faculty of Veterinary Medicine, Zagazig University, 
Egypt 

* Corresponding author. Faculty of Veterinary Medicine, Zagazig University, 
44511 Zagazig, Egypt. 

E-mail address: afne55@yahoo.com (A. N. Abdel Rahman). 

 

 ABSTRACT  

In this study, the influence of the dietary incorporation of Echinacea purpurea 

(EP) extract and/or vitamin C on the intestinal histomorphology and some 

immunological indices were tested in the Nile tilapia (Oreochromis niloticus Linn.). 

O. niloticus were randomly divided into four groups. The control group G1 was fed on 

a basal diet, while the G2 and G3 were fed on basal diets, supplemented with EP 

extract and vitamin C at the doses of 500 mg kg–1 and 400 mg kg–1, respectively. 

Meanwhile, G4 was fed on a basal diet, supplemented with a mixture of EP extract 

and vitamin C. After 28 days of feeding, the intestinal tissues were collected for 

histological observation and immune status, based on an assay for measuring the 

phagocytic activity. Furthermore, the expression of the transforming growth factor-

beta 1 (TGF-β1), interleukin-11beta (IL-1β), and tumor necrosis factor alpha (TNF-α) 

genes was evaluated in intestine and head kidney. The results revealed that the G4 

successfully surpassed the other groups in terms of the heights of intestinal villi, the 

number of goblet cells and intraepithelial lymphocytes (IELs), and the phagocytic 

activity, followed by the G3 and G2. The expression of the IL-1β and TNF-α genes 

were up regulated only in G4 but in the G3 only the expression of the IL-1β gene was 

up regulated. Hence, EP extract along with vitamin C could be used as a feed additive 
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